4
Ph Erﬂps for Teachers Wave on aString

The Wave on a String simulation allows students to create their own waves and explore wave
concepts such as amplitude, frequency, damping, tension, speed, reflection, and interference.
MogenpoBaHne BOJIHbI B CTPYHE MO3BOJISIET YHEHNAM CO34aBaTb CBON COOCTBEHHBIE BOJIHbI 1

UCC/IELOBATL TAKNE BOJSIHOBBIE MOHSTUS, KaK aMIyinTy4a, Yactora, 3aTyXaHne, HaTsIKEHNE, CKOPOCTb,
OTPAKEHNE U MHTEDDEPEHLMA.
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Model Simplifications

e The waves are modeled as a rope on the ground being oscillated from side
to side in the absence of gravitational effects and external friction. (RS

e The rope is modeled as a string of particles, and can appear dissociated | | T 3
under extreme conditions, as the processing increments are not T
infinitesimally small.

e The tension in the string does not have any specific value in the model, as the appearance of
tension is achieved by varying the time step used to animate the wave. The tension slider does
not behave linearly — it operates on powers of two (High is 4x larger than Low). The functional
relationship between the tension and wave speed can be qualitatively observed if tension is
given arbitrary units in increasing powers of two (e.g. 2, 4, 8 or 64, 128, 256).

Hdonywenns B Mogesm

* BosIHbI MOAE/MPYIOTCS KaK BEPEBKA Ha 3EM/IE, KONIEB/IIOLLYESICS U3 CTOPOHbI B CTOPOHY B OTCYTCTBUE
rPaBATaLINOHHBIX I3PPEKTOB U BHELLIHENO TPEHMS.

* BepeBka MOZEINpPYeETCs KaK LEroYKa YacTul N MOXET Ka3aTbCsl HECKOJIbKO ANCCOLIMMPOBAHHOM B
SKCTPEMASIbHbIX C/TYYasIX, MOCKO/IbKY NpUpPaLLYeHns 06paboTku HE BECKOHEYHO Mallbl.

* HarpsbokeHne B CTpyHe He MMEET HUKAaKOIro KOHKDETHOIO 3Ha4YeHUs1 B MOAE/M, TaK KaK MosiB/IeHue
HAIMPsKeHNS JOCTUraeTCcs UBMEHEHNEM BPEMEHHOIO LLUAra, UCIO/Ib3YEMOro A1 aHUMALMN BOJTHBI.
[10/13yHOK HaTsXKEHUSI HE BEAET CEOS JIMHENHO — OH paboTaeT Ha OCHOBE KBAAPATUYHOM
3aBNCUMOCTH. DYHKLMOHA/IbHAS 3aBUCUMOCTL MEXKAY HAEIMPSIIKEHNEM U CKOPOCTBIO BOJIHbI MOXXET ObITb
Ka4yecTBeHHO HabslloaaemMa, eciin HarpsxxeHne 3a43ETcs Mpon3BOSIbHbIMU EQUHNLIGMY B
BO3PacTaroLmx CTerneHsx 4syx (Hanpumep, 2, 4, 8 win 64, 128, 256).

Insights into Student Use

e Some students struggle with damping, which is like internal resistance. Some students may want
to understand more and could use Masses and Springs ("Damping” is called “Friction” in this sim)
or Resonance sim (the Teacher Tips give a mathematical definition).

e This sim may be helpful for students as an introduction to more difficult concepts like sound,
earthquakes, orlight.

lMToHnmarme ucrnosib30BaHNs1 y4eHHKaAMH

* Hexotopeie y4eHnku 60proTcs ¢ AEMITPUPOBAHNEM, KOTOPOE MIOXOXE Ha BHYTPEHHEe

COMpOTUB/IEHUE.

* IT0T CUMYTIATOP MOXET ObITh M0/IE3EH YHEHNKAM B KAYECTBE BBEAEHNS B BOJIEE C/IOXKHbIE SIB/IEHMS,

TaKNe Kak 3ByK, 3EM/IETPSICEHNS N/ CBET.

Suggestions for Use

Sample Challenge Prompts

« Predict the pattern of a reflected wave from a fixed or loose end.

- Develop a method to determine the speed of the wave.

< Design an experiment to find the relationship between a the wave speed, wavelength, and
frequency.
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- Measure the the wave speed and at different levels of tension to determine the relationship
between speed and tension.

« Predict how two waves will interfere.
- What effect does damping have on a wave?

See all published activities for Wave on a String here.
For more tips on using PhET sims with your students, see Tips for Using PhET.

PekxomeHgaynn rno npuMMeHEeHHIO

[IpumepHbie 3a4aHns

* [lpeqckasate XapakTep OTPAXEHHOM BOJIHbI OT HEMOABMIKHOIO Wiin CBOBOAHOIMO KOHLA.
* Pazpabotarite MeTos OrpeAEIEHNS CKOPOCTU BOJIHB.

* PazpaboTanuTe IKCrNEPUMEHTBI, YTOObI HAUTU CBS3b MEX/Y CKOPOCTHIO BOJIHbI, J/IMHOM BOJIHbI M
4acToTou.

* U3sMepbTe CKOPOCTb BOJIHbI HA PAa3HbIX YPOBHIX HAMPSXKEHNS B HUTY, YTOObI ONPEE/NTD
COOTHOLLIEHNE MEXAY CKOPOCTBIO U HANPSIKEHNEM (HATSIKEHNEM) HUTH.

* [Ipeqckaszats, Kak 4BE BOJIHbI OyA4yT MHTEPPHEPUPOBATS.

* Kakoe B/MsHNE OKa3bIBAET AEMITPUPOBAHNE HE BOJIHY?
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